Evaluation of cytotoxicity of resin bonding materials toward human oral epithelial cells using three assay systems  by Tu, Ming-Gene et al.
©2009 Association for Dental Sciences of the Republic of China
ORIGINAL ARTICLE
J Dent Sci 2009;4(4):178−186
*Corresponding author. School of Dentistry, China Medical University, 91, Hsueh-Shih Road, Taichung 40402, Taiwan.
E-mail: saychen@mail.cmu.edu.tw
Background/purpose: Gingival tissue around teeth can be contacted by flowable 
photocured resin agents during operative procedures. The cytotoxicity of resin 
bonding agents toward human oral epithelial cells cannot be neglected. This study 
evaluates the cytotoxicity of resin bonding agents toward human oral epithelial 
cells using three assay systems.
Materials and methods: Nine commercial resin bonding agents (Clearfil Protect 
Bond, Clearfil SE Bond, Prime & Bond NT, Prisma Universal Bond 3, UniFil Bond, 3M 
Single Bond, CharmBond, Compobond, and ExciTE) and two resin monomers (methyl 
methacrylate and triethylene glycol dimethacrylate) were used. The detection 
methods for the cell survival rate included: (1) the CellTiter 96 AQueous One 
Solution Cell Proliferation Assay System, (2) PreMix WST-1 Cell Proliferation Assay 
System, and (3) CellTiter-Glo Luminescent Cell Viability Assay System. One-way 
analysis of variance and Scheffé test were used for the statistical analyses.
Results: Most of the components of the uncured bonding agents had cytotoxicity at 
0.1 vol% (survival rates, 21.4% ± 1.4% to 113.1% ± 19.1%), except for UniFil Bond 
Primer (survival rates, 101.8% ± 3.5% to 113.1% ± 19.1%). More severe cytotoxicity 
was found at the 1.0 vol% concentration (survival rates, 0.2% ± 0.02% to 
147.3% ± 10.8%), except for the methyl methacrylate monomer (survival rates, 
96.5% ± 1.3% to 147.3% ± 10.8%). In the post-cured group, most bonding agents had 
little or no cytotoxicity, except for 3M Single Bond (survival rates, 52.4% ± 7.9% to 
97.4% ± 17.8%) and Compobond (survival rates, 29.1% ± 7.1% to 79.5% ± 6.7%).
Conclusion: The same material detected by different assay systems may give dif-
ferent cytotoxic effects, and examination by three methods may provide more-
objective results. Furthermore, since most of the bonding agent components 
detected by the three assay systems showed cytotoxicity before curing (and some 
components even showed cytotoxicity after curing), the application of bonding 
materials in the oral cavity should be very carefully performed.
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Introduction
The use of dental materials to replace missing tooth 
structures is an important component of dental 
treatment in which the biocompatibility of the re-
storative materials with the human body cannot 
be neglected. Most dental materials, such as metal, 
rubber, resin and cement, cause some degree of 
irritation.1,2 The most common tooth restoration 
materials, amalgam and composite resin, are of 
particular concern.3,4 Composite resins that can 
mechanically bond to tooth structures have been 
used for cavity restoration for more than 40 years 
owing to superior aesthetic results. Bonding agents 
are crucial to ensure that the composite resin 
strongly bonds to the tooth structure.5
In clinical applications, bonding agents are di-
rectly painted onto the wall of the prepared cavity 
using a disposable brush; the liquid component 
may penetrate to the dental pulp or directly con-
tact the oral mucosa tissue and cause tissue irri-
tation.6,7 Schedle et al.8 used flow cytometry to 
evaluate the cytotoxicity of 19 types of materials 
(including various composite resins and cements) 
toward mouse fibroblasts (L-929 cells), and concluded 
that all of the test materials initially exhibited cy-
totoxicity but not 1 week later. Ozen et al.7 used a 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay to analyze the cytotoxicity of 
four dentin bonding agents toward gingival fibrob-
lasts, and found that, while none of them caused 
cytotoxicity after 24 hours, a cytotoxic effect was 
evident 72 hours later. Caughman et al.9 used dif-
ferent methods to evaluate the cytotoxicity of 
glass ionomer cement; this cement appeared to 
exert no morphologic effects but greatly inhibited 
the macromolecular synthesis of fibroblasts. These 
results indicate that using different methods to 
evaluate biocompatibility may produce different 
results.9 Vajrabhaya et al.10 used an MTT assay to 
evaluate the cytotoxicity of single-component den-
tin bonding agents, and found that a total-etching 
bonding system was more cytotoxic than a self-
etching bonding system. Grobler et al.11 used an 
MTT assay to evaluate the cytotoxicity of a dentin 
bonding agent at two concentrations on a mouse 
lung tissue (3T3) and four human pulp fibroblast 
cell lines, and found that the bonding system tested 
at a higher concentration was more cytotoxic. The 
above studies showed that even when using the 
same method, types and concentrations of tested 
material are important factors in the test results. 
In general, using different methods and different 
conditions to determine cell cytotoxicities are nec-
essary to obtain more-objective results.
The purpose of this study was to determine the 
cytotoxic effects of different concentrations of resin 
bonding agents in uncured and post-cured condi-
tions toward oral epithelial cells using three assay 
systems.
Materials and methods
Nine commercial resin bonding agents were tested 
in this study. The product names, components, and 
manufacturers are listed in Table 1. The resin mon-
omers were methyl methacrylate (MMA) (Tokyo 
Chemical Industry Co., Ltd., Tokyo, Japan), trie-
thylene glycol dimethacrylate (TEGDMA) (Tokyo 
Chemical Industry Co., Ltd.), and urethane dimeth-
acrylate (UDMA) (Shin-Nakamura Chemical Co., Ltd., 
Wakayama, Japan). The photoinitiator was camphor-
quinone (Tokyo Chemical Industry Co., Ltd.), and 
Table 1. Components of the experimental materials
Material Delivery system Components Manufacturer
Clearfil Protect Bond Two bottles Primer and bonding agent Kuraray Co., Okayama, Japan
Clearfil SE Bond Two bottles Primer and bonding agent Kuraray Co., Okayama, Japan
Prime & Bond NT Two bottles Conditioner and adhesive Dentsply Co., Milford, DE, USA
Prisma Universal Bond 3 Two bottles Primer and adhesive Dentsply Co., Milford, DE, USA
UniFil Bond Two bottles Primer and bonding agent GC Co., Tokyo, Japan
3M Single Bond One bottle Adhesive 3M Co., St. Paul, MN, USA
CharmBond One bottle Bonding agent DentKist Co., Gyeonggi, Korea
Compobond One bottle Bonding agent PROMEDICA Co., Nenmunster, Germany
ExciTE One bottle Adhesive Ivoclar Co., Bromma, Sweden
MMA One bottle Resin monomer GC Co., Tokyo, Japan
TEGDMA One bottle Resin monomer  Tokyo Chemical Industry Co., Ltd.,
 Tokyo, Japan
UDMA One bottle Resin monomer  Shin-Nakamura Chemical Co., Ltd.,
 Wakayama, Japan
MMA = methyl methacrylate; TEGDMA = triethylene glycol dimethacrylate; UDMA = urethane dimethacrylate.
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the reducing agent was N,N-dimethylaminoethyl 
methacrylate (DAEMA) (Tokyo Chemical Industry 
Co., Ltd.). The cytotoxicity tests were performed on 
human oral epithelium (KB) cells purchased from 
the National Health Research Institutes Cell Bank 
at the Bioresource Collection and Research Center 
of the Food Industry Research and Development 
Institute (Hsinchu, Taiwan). The detecting agents 
included: (1) CellTiter 96 AQueous One Solution Cell 
Proliferation Assay System (MTS system; Promega, 
Madison, WI, USA), (2) PreMix WST-1 Cell Proliferation 
Assay System (WST-1 system; Takara Bio, Shiga, 
Japan), and (3) CellTiter-Glo Luminescent Cell 
Viability Assay System (CellTiter-Glo assay system; 
Promega).
Cell collection
KB cells were grown in 35-mm diameter Petri dishes 
containing 5 mL of α-minimum essential medium 
supplemented with 10% fetal bovine serum at 37ºC 
in a humidified 5% CO2 atmosphere. Cells were 
checked daily for growth, and the medium was 
changed twice weekly. The culture reached con-
fluence within several days and was subcultured 
using 1:3 splits until the experiments began.
Cytotoxicity testing of bonding agent 
components before curing
When enough cells had been collected, 1 × 104 cells 
in 100 μL per well were prepared and seeded in a 
96-well tissue culture plate, which was subse-
quently put into an incubator overnight for cell 
deposition. One-tenth microliter of each compo-
nent of various uncured bonding agents was added 
to 9.9 mL of culture medium with a micropipette 
to a 15-mL plastic test tube to produce 1 vol% 
of test media. This was then vibrated (vortexed) 
for 2 minutes. One milliliter of the prepared mix-
ture was pipetted into 9 mL of fresh medium in an-
other plastic tube and vibrated again to produce 
0.1 vol% test media. The medium of the cell cul-
ture plate was replaced with various prepared 
media, except the first and last columns of the 
96-well test plate. These two columns were re-
placed with fresh culture medium without the 
bonding agent component to serve as untreated 
controls. Cells were incubated for a further 
24 hours, and then the cell viability was detected 
by the following procedures:
1. MTS assay. MTS is a tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium, 
inner salt], which can be reduced by dehydro-
genase enzymes of viable cells to form orange-
colored formazan, which is then measured by 
an enzyme-linked immunosorbent assay (ELISA) 
reader under a 490-nm wavelength. The test 
procedures were performed as follows: 20 μL of 
CellTiter 96 AQueous One Solution was pipetted 
into each well. The plates were incubated for 
4 hours; then the optical density was quanti-
tated with a microtiter plate (ELISA) reader at 
a spectrophotometric absorbance of 490 nm.
2. WST-1 assay. This procedure measures the cell 
viability with a colorimetric assay, based on the 
cleavage of tetrazolium salts by mitochondrial 
dehydrogenase in viable cells. The test proce-
dures were as follows: 10 μL of the PreMix WST-1 
reagent was added to each well, incubated for 
4 hours, and read under 450 nm with the same 
ELISA reader.
3. CellTiter-Glo assay. This is a method of measur-
ing the number of viable cells in a culture based 
on quantitation of the adenosine triphosphate 
(ATP) present, which signals the presence of 
metabolically active cells. The assay system 
uses the properties of a proprietary thermosta-
ble luciferase to enable reaction conditions that 
generate a stable glow-type luminescent signal 
while simultaneously inhibiting endogenous en-
zymes released during lysis (such as adenosine 
triphosphatase). The release of adenosine tri-
phosphatase usually interferes with the accu-
rate measurement of ATP, but this assay has 
overcome this problem.
The test procedures were as follows: 100 μL 
of CellTiter-Glo reagent was added and mixed for 
2 minutes on an orbital shaker to induce cell lyses. 
All plates were incubated at room temperature for 
10 minutes to stabilize the luminescence signal. 
Then 100 μL of medium was pipetted into a test 
tube, and the luminescence was recorded with a 
luminometer. All detected values were calculated 
by comparison to data of the first column of the 
96-well plate and were changed into percentages 
to obtain the survival rate. Data of the last column 
were compared to those of the first column as an 
internal control.
Cytotoxicity testing of bonding agent 
components after curing
Cells were prepared using the procedures described 
above; the test materials were prepared by the 
following procedures. First, the primer was painted 
on a transparent polyethylene sheet (5 × 5 mm) on 
one side using the tip of a disposable brush and 
left in place for 20 seconds, and then the volatile 
ingredients were evaporated with a mild oil-free 
air system. Second, the bonding agent was painted 
over the primer with another brush and light-cured 
for 10 seconds using a dental curing light (Visilux 2; 
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3M, St. Paul, USA) with an irradiation wave length 
of 420−500 nm). The products provided in the one-
bottle system were prepared by the second proce-
dure only. In addition to the nine commercial 
products, based on formerly published papers,12−14 
we prepared one experimental bonding agent in 
this study by mixing 70 wt% UDMA, 30 wt% TEGDMA, 
1 wt% camphorquinone, and 1.5 wt% DAEMA, and 
used these like the one-bottle system. All prepared 
specimens were placed in 1 mL of medium in a 
24-well plate for 24 hours, after which they were 
removed and used in the cytotoxicity test.
Statistical analysis
Eight samples of each test specimen were col-
lected in a 96-well plate and tested. SAS version 
9.1.3 software (SAS Institute, Cary, NC, USA) was 
used for the statistical analysis. One-way analysis 
of variance (ANOVA) was used to evaluate the ef-
fect of cytotoxicity of resin bonding materials on 
human oral epithelial cells. Scheffé test was then 
used to carry out post hoc pairwise comparisons 
when the ANOVA showed a significant main effect 
of the material.
Results
Cytotoxicity of the components of uncured 
bonding agents
The cytotoxicities of the various components of 
uncured bonding agents at different concentra-
tions using different assay systems are listed in 
Tables 2 and 3. Table 2 displays the results of cyto-
toxicity of 0.1 vol% of the uncured bonding agents. 
By MTS assay, Clearfil SE Bond bonding agent (sur-
vival rate, 23.6% ± 5.0%), TEGDMA (survival rate, 
51.9% ± 5.1%), and 3M Single Bond (survival rate, 
54.2% ± 8.4%) were found to be relatively more cy-
totoxic. By the WST-1 assay, the most cytotoxic 
material was the UniFil Bond bonding agent (sur-
vival rate, 21.4% ± 1.4%), followed by 3M Single 
Table 2. Cytotoxicity of 0.1 wt% pre-cured bonding agents components (survival rate, %) (n = 8)
 MTS assay WST-1 assay CellTiter-Glo assay
Tested component
   Clearfil Protect Bond A 99.9 ± 8.3 68.9 ± 3.1 80.2 ± 14.3
  Clearfil Protect Bond B 92.0 ± 7.7 56.8 ± 19.3 76.9 ± 5.4
  Clearfil SE Bond A 106.8 ± 12.4 32.7 ± 5.4 92.3 ± 6.5
  Clearfil SE Bond B 23.6 ± 5.0 56.1 ± 6.9 79.8 ± 4.7
  Prime & Bond NT A 94.1 ± 6.8 97.2 ± 6.7 106.3 ± 7.1
  Prime & Bond NT B 95.6 ± 3.4 52.3 ± 2.7 99.1 ± 9.6
  Prisma Universal Bond 3 A 99.5 ± 4.7 60.9 ± 7.7 70.0 ± 8.4
  Prisma Universal Bond 3 B 80.6 ± 8.2 50.3 ± 4.3 56.9 ± 6.9
  UniFil Bond A 101.8 ± 3.5 107.1 ± 7.7 113.1 ± 19.1
  UniFil Bond B 90.12 ± 4.3 21.4 ± 1.4 59.0 ± 16.3
  3M Single Bond 54.2 ± 8.4 31.8 ± 0.8 69.7 ± 4.9
  CharmBond 92.8 ± 4.9 37.8 ± 3.8 87.2 ± 6.3
  Compobond 75.9 ± 7.7 102.6 ± 4.6 87.2 ± 9.3
  ExciTE 87.7 ± 8.0 32.8 ± 1.3 81.3 ± 8.2
  MMA 96.0 ± 1.9 92.8 ± 3.2 29.7 ± 8.5
  TEGDMA 51.9 ± 5.1 46.9 ± 5.2 58.1 ± 3.3
  Control* 100.6 ± 4.9 106.5 ± 11.9 96.6 ± 10.9
P (F test)  < 0.0001  < 0.0001  < 0.0001
  Scheffé test 4 < 16,11,13,8,14,10,2,12, 10,4 < 6,2,1,8,15,5, 15 < 11,7,2,4,1,14,
 5,6,15,7,1,17,9,3 7,13,17,3,9 12,13,3,17,6,5,9
 16 < 11,13,8,14,10,2,12, 11,14,12 < 1,8,15,5, 8,16,10 < 3,
 5,6,15,7,1,17,9,3 7,13,17,3,9 17,6,5,9
 11 < 8,14,10,2,12,5,6, 16,6 < 8,15,5,7, 11,7 < 5,9
 15,7,1,17,9,3 13,17,3,9 2,4 < 9
 13 < 7,1,17,9,3 2 < 15,5,7,13,17,3,9
 8 < 3 1 < 5,7,13,17,3,9
  8 < 17,3,9
*Without test material. A = primer or conditioner; B = bonding agent or adhesive; MMA = methyl methacrylate; TEGDMA = triethyl-
ene glycol dimethacrylate.
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Bond (survival rate, 31.8% ± 0.8%) and the primer 
of Clearfil SE Bond (survival rate, 32.7% ± 5.4%). By 
the CellTiter-Glo assay, the most cytotoxic material 
was MMA (survival rate, 29.7% ± 8.5%), followed by 
the Prisma Universal Bond 3 adhesive (survival 
rate, 56.9% ± 6.9%) and TEGDMA (survival rate, 
58.1% ± 3.3%). Table 3 shows the results of cytotox-
icity of 1.0 vol% uncured bonding agents. When 
tested by the MTS assay, the most cytotoxic ma-
terial was TEGDMA (survival rate, 16.5% ± 0.9%), 
followed by CharmBond (survival rate, 17.6% ± 1.0%) 
and the Prisma Universal Bond 3 primer (survival 
rate, 17.7% ± 0.9%). By the WST-1 assay, the most 
cytotoxic material was the bonding agent of UniFil 
Bond (survival rate, 18.4% ± 1.9%), followed by the 
Prisma Universal Bond 3 adhesive (survival rate, 
22.3% ± 2.8%) and the Clearfil Protect Bond bonding 
agent (survival rate, 24.6% ± 6.4%). By the CellTiter-
Glo assay, the most cytotoxic material was the 
Prisma Universal Bond 3 adhesive (survival rate, 
0.2% ± 0.02%), followed by TEGDMA (survival rate, 
0.2% ± 0.3%) and Compobond (survival rate, 0.3% ± 
0.2%). Because different assay systems showed dif-
ferent results for the same com ponent, it seems less 
significant to rank the cytotoxicity of the tested 
commercial products using only one test method.
Cytotoxicity of components of post-cured 
bonding agents
The cytotoxicities of various bonding agents after 
curing are listed in Table 4. According to the test 
results, most bonding agents were non-cytotoxic. 
For the MTS assay, only 3M Single Bond (survival 
rate, 64.5% ± 5.8%) showed cytotoxicity. For the 
WST-1 assay, only Compobond (survival rate, 
29.1% ± 7.1%) revealed remarkable cytotoxicity. For 
the CellTiter-Glo assay, the most cytotoxic mate-
rial was 3M Single Bond (survival rate, 52.4% ± 7.9%). 
It appears that among the post-cured bonding 
agents, only 3M Single Bond and Compobond ex-
hibited any cytotoxicity.
Table 3. Cytotoxicity of 1 wt% pre-cured bonding agents components (survival rate, %) (n = 8)
 MTS assay WST-1 assay CellTiter-Glo assay
Bonding agent
   Clearfil Protect Bond A 30.5 ± 3.5 50.6 ± 12.8 59.2 ± 10.4
   Clearfil Protect Bond B 50.8 ± 4.6 24.6 ± 6.4 51.2 ± 10.2
   Clearfil SE Bond A 37.9 ± 3.1 53.0 ± 12.9 11.8 ± 3.1
   Clearfil SE Bond B 30.9 ± 1.4 30.1 ± 9.2 6.3 ± 5.7
   Prime & Bond NT A 86.3 ± 2.2 49.7 ± 8.1 58.9 ± 19.3
   Prime & Bond NT B 25.7 ± 2.0 29.2 ± 2.3 256.6 ± 50.6
   Prisma Universal Bond 3 A 17.7 ± 0.9 36.6 ± 8.6 0.2 ± 0.02
   Prisma Universal Bond 3 B 26.8 ± 1.4 22.3 ± 2.8 50.2 ± 9.5
   UniFil Bond A 79.2 ± 3.6 50.6 ± 7.5 89.8 ± 32.2
   UniFil Bond B 18.1 ± 1.3 18.4 ± 1.9 9.7 ± 4.3
   3M Single Bond 19.6 ± 1.1 34.2 ± 3.7 0.4 ± 0.4
   CharmBond 17.6 ± 1.0 32.7 ± 4.6 1.7 ± 0.4
   Compobond 41.3 ± 2.9 66.4 ± 7.6 0.3 ± 0.2
   ExciTE 18.1 ± 1.0 37.1 ± 6.1 24.6 ± 12.9
   MMA 96.5 ± 1.3 147.3 ± 10.8 106.7 ± 17.9
   TEGDMA 16.5 ± 0.9 34.8 ± 6.73 0.2 ± 0.3
   Control* 100.6 ± 5.2 106.2 ± 11.1 102.2 ± 13.4
P (F test)  < 0.0001  < 0.0001  < 0.0001
   Scheffé test 16 < 6,8,1,4,3,13, 10,8 < 5,9,1,3, 7,16,13,11 < 5,1,9,
 2,9,5,15,17 13,17,15 17,15,6
 12,7,14 < 8,1,4,3,13, 2 < 3,13,17,15 12,4,10,3,14 < 9,
 2,9,5,15,17 6,4,12,11,16,7,14,5, 17,15,6
 10,11 < 1,4,3,13,2, 9,1 < 13,17,15 8,2,5,1,9,17,15 < 6
 9,5,15,17 3 < 17,15
 6,8 < 3,13,2,9,5,15,17 13 < 17,15
 1,4 < 13,2,9,5,15,17 17 < 15
 3,13 < 2,9,5,15,17
 2 < 9,5,15,17
 9,5 < 15,17
*Without tested material. A = primer or conditioner; B = bonding agent or adhesive; MMA = methyl methacrylate; TEGDMA = 
triethylene glycol dimethacrylate.
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Discussion
Dental bonding agents have greatly improved in 
recent years. To improve bonding strength, com-
ponents have evolved from simple etching of and 
bonding with the enamel to the use of a so-called 
dentin conditioner (to etch the dentin surface), 
a dentin primer (to increase the surface energy 
and improving wetting), and an adhesive (to form 
a hybrid layer). Currently, many products have 
an option of total etching as part of their proce-
dures. The commercial products include single- 
and multiple-bottle systems. The rinsing procedure 
after etching was omitted.15,16 For these improve-
ments, we thought that the bonding agent is nearly 
perfect in terms of both function and usage. But 
because these materials are used in the human 
body, attention to their biocompatibility requires 
a high level of concern. In this study, we detected 
the effects of some currently available commercial 
bonding products on cell viability by evaluating the 
cytotoxicity of these materials.
Many types of cells are used for cytotoxicity 
tests in dental research, most of which can be cat-
egorized into two broad groups: (1) those derived 
from animals (e.g., V79, L-929 and 3T3 cells17−19) 
and those obtained from human oral tissues (such 
as human gingival fibroblasts, dental pulpal fibrob-
lasts, and oral epithelial cells6,20,21). Yamagata and 
Oshima22 tested the cytotoxicity of glass ionomer, 
composite resin, and amalgam on cells obtained 
from human gingival tissue, pulp tissue, and mouse 
subcutaneous tissue. They found that the results 
differed with the materials and cells used, with 
cells from gingival tissue exhibiting the lowest sen-
sitivity. Schweikl and Schmalz23 used mouse fibrob-
lasts (L-929 cells) and human gingival fibroblasts to 
evaluate the cytotoxicity of glass ionomer cement, 
composite resin, and zinc phosphate cement, and 
found that human gingival fibroblasts had a weaker 
response to cytotoxicity. Geurtsen et al.19 used fi-
broblasts from mouse lung tissue (3T3 cells) and 
three fibroblasts from human oral tissues (gingiva, 
pulp, and periodontal lig ament) to detect 35 mon-
omers of dental composite resins. Their results in-
dicated that cells from the pulp and periodontal 
ligament were more sensitive than those from gin-
gival tissue or 3T3 cells. Since all previous studies 
demonstrated that gingival tissue is the least sen-
sitive, we chose oral epithelial cells (KB cells) for 
this experiment. Because this is a cancerous cell line, 
its reaction to cytotoxic materials may differ from 
those of primary cells.24 However, since it is easily 
maintained in culture, exhibits high reproducibility 
and can be used for oral epithelial cell tests,25,26 
we considered this cell line to be appropriate for use 
in the present study.
In order to obtain objective results, we used two 
detection systems (the MTS and WST-1 assay sys-
tems) to detect cell viability. Because the MTS for-
mazan product is soluble in tissue culture medium, 
this assay system requires fewer steps than other 
kinds of measuring systems that use tetrazolium 
compounds such as MTT or p-iodonitrotetrazolium 
violet.27 The WST-1 system includes other tetrazo-
lium salts. The manufacturer declared it is more 
sensitive than the MTT assay system and can be 
used to detect a cytotoxic effect or inhibition of 
Table 4. Cytotoxicity of components of post-cured bonding agents (survival rate, %) (n = 8)
 MTS assay WST-1 assay CellTiter-Glo assay
Tested materials
   Clearfil Protect Bond 112.8 ± 9.0 112.9 ± 17.3 99.1 ± 8.9
   Clearfil SE Bond 108.8 ± 6.3 96.3 ± 23.0 119.8 ± 4.1
   Prime & Bond NT 102.0 ± 10.9 100.8 ± 22.2 108.9 ± 13.1
   Prisma Universal Bond 3 86.2 ± 9.7 101.1 ± 9.3 70.6 ± 14.2
   UniFil Bond 94.1 ± 5.8 80.5 ± 4.1 111.5 ± 8.1
   3M Single Bond 64.5 ± 5.8 97.4 ± 17.8 52.4 ± 7.9
   CharmBond 106.5 ± 9.5 100.6 ± 9.4 77.2 ± 6.3
   Compobond 79.5 ± 6.7 29.1 ± 7.1 63.5 ± 10.2
   ExciTE 118.4 ± 9.8 91.0 ± 14.8 102.7 ± 19.1
   Experiment 99.7 ± 9.9 108.3 ± 22.6 76.6 ± 4.9
   Control 91.2 ± 8.3 110.4 ± 12.3 93.2 ± 5.9
P (F test) < 0.0001 < 0.0001 < 0.0001
   Scheffé test 6 < 11,5,10,3,7,2,1,9 8 < 5,9,2,6,7,3,4,10,11,1 6 < 11,1,9,3,5,2
 8 < 7,2,1,9  8 < 11,1,9,3,5,2
 4 < 1,9  4 < 9,3,5,2
 11 < 9  10 < 3,5,2
   7 < 3,5,2
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cell growth induced by a chemical or drug.28 The 
reason to choose two similar assay systems was not 
to compare which method is better but simply to 
obtain consistent results from the two methods. In 
addition, we also chose another assay system, the 
CellTiter-Glo system. It is a homogeneous method 
of determining the number of viable cells in cul-
ture based on quantitation of ATP, which signals 
the presence of metabolically active cells. On the 
basis of the manufacturer’s claims, it is suitable for 
screening cell proliferation and cytotoxicity,29 and 
it is also more sensitive than the other methods.30
Comparing the results obtained by the three 
methods, we found that the same components had 
different results with the different test methods, 
even though the MTS and WST-1 systems have simi-
lar reaction mechanisms (Tables 2 and 3). Among 
the data of the three assay systems, most of the 
uncured tested materials revealed that the higher 
the concentration of the test material, the fewer 
cells that survived. Two test materials, however, 
presented different patterns. The Prime & Bond 
NT bonding agent in CellTiter-Glo assay and the 
MMA monomer in the WST-1 and CellTiter-Glo 
assays showed inconsistency in the cytotoxicity 
results. Because some other studies on cell viabil-
ity in vitro also produced inconsistent results,31−33 
we retained these peculiar data (survival rate of 
256.6% for Prime & Bond NT bonding agent in the 
CellTiter-Glo assay) for reference. Compared with 
the control group, a phenomenon of MMA increas-
ing cell growth in the WST-1 and CellTiter-Glo as-
says at a 1.0 vol% concentration was observed, as 
shown in Table 3. At the moment, we do not un-
derstand why this material had the ability to pro-
mote cell growth, but it was reported to have less 
cytotoxicity.34
Although these diverse data are certainly diffi-
cult to explain, the results of the internal control 
were in an acceptable range, so we think that most 
of the measured data are reliable in each assay. 
This also supports our previous scruple that evalu-
ations of the cell viability of dental materials can-
not be ranked by just a single testing method. 
Although we had no basis to judge which of the 
methods used in this study was the most accurate, 
we think these assays can indicate the degree of 
cytotoxicity. In addition, our statistical analysis 
had good power and was conservative. In the one-
way ANOVA study, sample sizes of 8, 8, 8, 8, 8, 8, 
8, 8, 8, and 8 were obtained from the 10 groups 
the means of which (supposed to be 100, 90, 90, 
90, 90, 90, 90, 90, 90, and 90) were compared. 
The total sample of 80 subjects achieved 97% 
power to detect differences among the means ver-
sus the alternative of equal means using an F test 
with a 0.05 significance level (if we supposed the 
size of the variation in the means is represented 
by their standard deviation which is 3.00, and the 
common standard deviation within a group is as-
sumed to be 5.00). When the F test was signifi-
cant, we chose the Scheffé test to do the post hoc 
pairwise comparison, since it is a valid, fairly con-
servative test, and therefore, sufficiently general 
to be applicable to analyze our data which may 
have some unexpected extremes.
At a 0.1 vol% concentration, half of the tested 
materials (Clearfil Protect Bond primer, Clearfil 
SE Bond primer, Prime & Bond NT conditioner, 
UniFil Bond primer, CharmBond, Compobond, MMA) 
showed little effect on cell viability; and in the 
1.0 vol% condition, 11 components revealed a greater 
cytotoxic effect on cell viability. Among the two-
bottle systems, all bonding components appeared 
to have greater cytotoxic effects and were more 
viscous than the primer or conditioner components. 
It seems that, in addition to the chemical toxicity, 
the highly viscous liquid that covered the cell 
surface caused interference with cell metabolism 
and may be one of the factors in the cytotoxic ef-
fect. In this study, all single-bottle systems also 
showed greater cytotoxicity than the conditioners 
or primer components of the two-bottle systems. 
The TEGDMA was more viscous than the MMA mon-
omer and showed greater cytotoxicity in this study. 
Ratanasathien et al.2 investigated the cytotoxicity 
of four dentin bonding components on mouse 
fibroblasts by the MTT assay. They ranked the 
degree of cytotoxicity in descending order as: 
BisGMA, UDMA, TEGDMA, and HEMA. Yoshii35 evalu-
ated the cytotoxic effect on HeLa S3 cells by the 
MTT assay and obtained the following ranking in 
descending order: BisGMA, UDMA, TEGDMA, HEMA, 
and MMA. Both rankings also coincided with the 
degree of their viscosity. Whether or not the vis-
cosities of materials influence cell viability will be 
the next step in our investigation.
Costa et al.36 evaluated the cytotoxic effect 
of three dental adhesive systems on an immortal-
ized mouse odontoblast cell line. They tested un-
cured fresh adhesives by counting the cell numbers 
with scanning electron microscope, and tested the 
cured adhesives by an inhibition zone test. The 
cell morphology was discerned under scanning 
electron microscope, and an MTT assay was per-
formed to evaluate mitochondrial respiration. They 
found that fresh adhesives exhibited more toxic 
effects than polymerized adhesives, and in the po-
lymerized group, some cells grew in the walls de-
spite the persistent cytotoxic effects. Szep et al.37 
tested the cytotoxicity of six dentin adhesives on 
primary human gingival fibroblasts by applying the 
dentin adhesive on glass slides, and placed them in 
a Petri dish after curing, then added the culture 
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medium to obtain the eluate for the toxicity test. 
After 3 days of culture, they examined the cell 
morphology and counted the number of cells under 
a phase-contrast microscope, and found that all 
test materials had undergone different degrees of 
cytotoxic reactions. Huang and Chang38 used an 
MTT assay to investigate the cytotoxicity of five 
different dentin bonding agents in a large number 
of human pulp cells, and found that elutes of post-
cured test materials had significant potential for 
pulpal toxicity. Kaga et al.18 investigated the rela-
tionship between the monomers eluted from den-
tin bonding systems and their cytotoxicity, and 
found that the primer and uncured adhesives ex-
hibited variable cytotoxicities, but the cytotox-
icities decreased as the photoactivation time 
increased. The amount of monomers eluted from 
the cured adhesives was almost undetectable and 
did not reach a sufficient concentration to sup-
press cell viability or cell growth. In our study, 
most of the uncured materials had remarkable 
cytotoxic effects, especially at higher concentra-
tions (Table 3), and most of the post-cured speci-
mens revealed no cytotoxicity except for the 3M 
Single Bond and Compobond (Table 4). On the 
whole, our results are in complete agreement with 
those from previous studies. The absence of cyto-
toxic effects for post-cured ma terials might have 
been due to most of the bonding agent components 
having been polymerized and so less was eluted. 
This can be verified using our prepared experiment 
bonding agent; although the resin matrixes UDMA 
and TEGDMA are cytotoxic materials, they showed 
the same level of safety as most commercial prod-
ucts after curing. However, if the curing is incom-
plete, the residual monomer might irritate the 
tissues, and hence the cytotoxicity of resin bond-
ing agents needs to be considered when they are 
used in clinical applications.
According to the results of this study, all the 
uncured components of the tested resin bonding 
agents had cytotoxic effects on human oral epithe-
lial cells. Some cured commercial products also 
had a cytotoxic effect. Because the same material 
tested in different assays may give different re-
sults, testing using only one method is not suffi-
cient to judge the cytotoxic effect. It would be 
more reliable if the results of a tested material 
were similar in the different tests.
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